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ABSTRACT 
We scrutinize the enhanced superconducting performance of melt quench Bismuth 
based Bi2Sr2CaCu2O8 (Bi-2212) superconductor. The superconducting properties of melt 
quenched Bi-2212 (Bi2212-MQ) sample are compared with non-melted Bi2212-NM and 
Bi1.4Pb0.6Sr2Ca2Cu3O10 (Bi-2223). Crystal structure and morphology of the samples are 
studied using X-ray diffraction and Scanning Electron Microscopy (SEM) techniques. The 
high field (14T) magneto-transport and DC/AC magnetic susceptibility techniques are 
extensively used to study the superconducting properties of the investigated samples. The 
superconducting critical temperature (Tc) and upper critical field (Hc2) as well as thermally 
activated flux flow (TAFF) activation energy are estimated from the magneto-resistive 
[R(T)H] measurements. Both DC magnetization and amplitude dependent AC susceptibility 
measurements are used to determine the field and temperature dependence of critical current 
density (Jc) for studied samples. On the other hand, the frequency dependent AC 
susceptibility is used for estimating flux creep activation energy. It is found that melt 
quenching significantly enhances the superconducting properties of granular Bi-2212 
superconductor. The results are interpreted in terms of better alignment and inter-connectivity 
of the grains along with reduction of grain boundaries for Bi2212-MQ sample.  
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INTRODUCTION 
As far as fabrication of superconducting wire and tapes is concerned, despite the growing 
popularity of high temperature superconducting thin films and single crystals, the 
polycrystalline bulk materials still holds importance [1] [2] [3] [4]. The high temperature 
cuprate superconductors (HTSc) offer highest superconducting critical temperatures values 
among all known classes of superconducting materials [5] [6] [7] [8]. This makes them most 
desired materials for various applications of superconducting properties at higher 
temperatures and even at higher applied magnetic fields [9].  However, one major hindrance 
to realize them in industrial applications is their granular nature and small coherence length 
[10]. Due to the small value of their coherence length, the grain boundaries in these materials 
act as sort of weak links and thus limit the superconducting performance of these materials in 
polycrystalline form [11][12].  Moreover, these materials are strongly anisotropic and the 
value of coherence length in ab plane is significantly larger than that along c-direction [13] 
[14] [15]. Due to this fact the polycrystalline samples having aligned grains along c-axis have 
significantly better inter-granular coupling and thus superior superconducting performance 
[16] [17] [18]. The melt quench technique offers a good means to improve inter-grain 
connectivity due to reduced porosity and possible crystallographic alignment of grains 
[16][18][19].  
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Bismuth based cuprate superconductors are among promising candidates for wires and 
tapes applications due to higher values of their critical temperature, current density and 
critical magnetic field [13][14][20][21][22]. Three main phases of BSCCO superconductor 
are known as Bi-2201(Bi2Sr2CuO6), Bi-2212(Bi2Sr2CaCu2O8) and Bi-2223 
(Bi1.4Pb0.6Sr2Ca2Cu3O10) having Tc values of around 15, 85 and 110K respectively [23]. 
Among these phases Bi-2201 has lower Tc and thus of limited interest to applications in tapes 
and wires. Bi-2223 has highest value of critical temperature, but is difficult to obtain in single 
phase and generally results with intergrowth of Bi-2212 phase and also requires long hours 
(>100 hrs) sintering for phase growth [24][25]. On the other hand Bi-2212 is relatively easy 
to synthesize and hence can be obtained in majority single phase form. Thus we have here 
studied effect of melt quenching on superconducting performance of Bi-2212 phase and 
compared its superconducting performance with non melted (Bi2212-NM) and Bi-2223. 
Extensive magneto-resistive and DC/AC magnetic susceptibility measurements are carried on 
various samples (Bi2212-NM, Bi2212-MQ, Bi-2223) to study and compare various 
superconducting properties like flux pinning, temperature and field dependence of critical 
current density, upper critical field, flux creep and thermally activated flux flow activation 
energy. It is found that superconducting performance of Bi-2212 enhances significantly by 
melt quenching and it can be even better than a polycrystalline Bi-2223 sample.  
EXPERIMENTAL DETAILS 
The samples of nominal composition Bi2Sr2CaCu2O8 (Bi-2212) and 
Bi1.4Pb0.6Sr2Ca2Cu3O10 (Bi-2223) were synthesized by solid state reaction route starting from 
high purity powders of Bi2O3, PbO, SrCO3, CaCO3 and CuO. The reactants were weighed in 
stoichiometric proportions and were ground properly to obtain homogeneously mixed 
powders. The obtained mixture was calcined at 800
o
C for 12 hours and reground after 
cooling. The calcined samples were then annealed in air at 820, 840 and 860
o
C for 12 hours 
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with intermediate regrinding. Finally, the obtained powders were pressed into rectangular bar 
shaped pallets. The pallets of Bi-2223 were sintered at 850
o
C for 240 hours. The pallets of 
Bi-2212 were divided into two sets. One set of the pallets were melted partially at 930
o
C for 
8-10 minutes and then quenched to room temperature. These samples were termed as Bi2212-
MQ and will be called MQ hereafter. The second set was termed as Bi2212-NM and will be 
called NM hereafter. Both NM and MQ samples were finally sintered at 860
o
C for 24 hours.  
The obtained samples were then examined for their structural properties by measuring 
their room temperature X-ray diffraction pattern using Rigaku Miniflex X-ray diffractometer 
with Cu-K  radiation. The micro-structural studies were performed using scanning electron 
microscopy (SEM). Magneto-transport measurements were carried out using standard four 
probe technique using Quantum Design Physical Property Measurement System (PPMS) in 
the field range of 0-14T. The temperature dependent DC and AC susceptibility measurements 
were done using ACMS facility being employed in PPMS. These measurements were carried 
out for the samples in the temperature range of 10 to 120K with amplitude and frequency of 
applied field varying from 0.5 to 11Oe and 33 to 9999Hz respectively. 
RESULTS AND DISCUSSIONS 
Structural and morphology studies 
Figure 1 (a) represents the room temperature X-ray diffraction (XRD) pattern of the 
Bi2Sr2CaCu2O8 non-melted (NM) and melt quenched (MQ) samples. It can be seen that all 
the characteristic peaks corresponding to Bi-2212 phase are found in the XRD pattern [26]. 
However, in addition some peaks of Bi-2201 phase are also detected in Bi2212-MQ sample. 
This shows that the Bi-2212 starts to degrade to lower Tc Bi-2201 phase if subjected to higher 
temperature for longer time. Thus it is important to perform melt quenching carefully so as to 
optimize inter-granular connectivity and reduce degradation of Bi-2212 phase to Bi-2201. We 
did not find any significant change in peak positions along 2θ axis for NM or MQ samples, 
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which show that lattice parameters are almost same for both the samples (see Table 1). Thus 
any sort of structural distortion during melt quenching can be ruled out. Moreover, it is seen 
that peaks corresponding to planes along [001] direction, are of higher intensity for MQ 
sample as compared to NM sample. This indicates preferred alignment of grains along c-axis 
for MQ sample in comparison to NM sample [27].  
Figure 1b shows the XRD pattern for Bi-2223 sample. It is found that in addition to 
characteristic peaks corresponding to Bi-2223 phase, the peaks of Bi-2212 and CaPb2O4 
phase are also observed [28]. Usually Bi-2223 phase is obtained with significant amount of 
Bi-2212 phase [24] [25] [28]. This is generally expected in the BSCCO superconductors, 
since intergrowth of its various phases viz. 2201, 2212 and 2223 are observed. However, in 
the present case the Bi-2223 peaks are relatively intense showing larger fraction of this phase 
in the sample. The phase percentage of Bi-2223 in mixture was determined using equation 
[29]: 
  ....... (1) 
and is found to be around 63 percent. 
Figure 2 shows SEM images of Bi2212-NM, Bi2212-MQ and Bi-2223 samples at 5kX 
magnification. The granular nature of Bi2212-NM and Bi-2223 samples is clearly visible in 
the SEM images. It is noteworthy that grains of latter seem to be fused and larger than those 
from former. On the other hand, it can be seen that Bi2212-MQ is almost a dense melt. In Bi-
based superconductors, the double bismuth oxide layers are connected by weak Vander 
Waal’s forces due to which the grains can be easily aligned during process of melt quenching. 
Thus melt quenching results in highly oriented well connected grains with significantly 
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reduced number of grain boundaries. This fact is evidenced from our XRD results that show 
c-axis alignment of the grains in melt quenched samples.  
Magneto-transport studies 
The resistance of the studied samples normalised to room temperature is shown in Figure 
3. It can be seen that all the samples are metallic up to Tc
onset
 below which they exhibit 
superconducting behaviour. The superconducting onset was found to be same i.e. ~93K for 
both MQ and NM while ~116K for Bi-2223 sample. The small drop in resistance for Bi2212-
NM sample near 116K can be attributed to presence of small content of Bi-2223 phase that 
may not be detectable by XRD measurements. It is to be noted that resistive drop 
corresponding to Bi-2223 is not observed for MQ sample. This may be because of 
degradation of Bi-2223 to lower Tc phases during the melt quenching. The inset of Figure 3 
shows the magnified view of transition near zero resistance temperature Tc
R=0
. The values of 
Tc
R=0
 and superconducting transition width, ΔT = Tc
onset
 - Tc
R=0
 for NM, MQ and Bi-2223 
samples are given in Table 2. It is interesting to note that the superconducting transition for 
MQ sample is sharpest among all the studied samples. Also, it can be seen from the 
temperature dependence of normal state resistance that MQ and Bi-2223 samples are more 
metallic in comparison to NM sample. Thus better inter-grain connectivity in former can be 
expected than in latter. Thus it is evident that melt quenching facilitates formation of highly 
aligned gains along with better inter-grain connectivity.  
Figures 4 shows temperature dependence of resistance for studied samples in applied 
magnetic fields ranging from 0 to 14T. It is clearly visible that while the onset of 
superconducting transition remains almost same for all the samples, the Tc
R=0
 shifts by large 
value. The shift, Tc
R=0
(0T)-Tc
R=0
(14T) in zero resistive transition temperature
 
with applied 
field 
 
is found to be 54K, 46K and 61K for NM, MQ and Bi-2223 samples respectively. 
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Since, the presence of applied magnetic field tends to weaken the connectivity between the 
grains and even decouple them at sufficiently high field values, transition near zero resistivity 
spreads with applied field. Hence, the least shift of 46K in Tc
R=0
 for MQ sample shows that 
the inter-grain coupling is best in it among all the studied samples.  
The magneto-resistive curves are used to calculate the temperature dependence of upper 
critical field (µoHc2(T)) for all the samples. Hc2 is defined as the field for which the 
temperature dependent resistance R(Hc2,T)=0.9Rn, where Rn is the normal state resistance. 
Conventional single band WHH theory [30] which describes the orbital limited upper critical 
field of dirty type II superconductors is used to fit the obtained data using equations, 
        ………… (2) 
where, t=T/Tc is reduced temperature, Ψ is a digamma function and  is given by  
             ……….. (3) 
Figure 5 shows the µoHc2(T) of the three samples determined from 90% of ρn(T) in inset 
and its fitting using simplified WWH formula. The low temperature values of Hc2(T) are 
obtained by extrapolating WWH formula using equations (2) and (3). Thus, values of 
µoHc2(0) are estimated to be 104.7, 518.9 and 411.9T for NM, MQ and Bi-2223 samples 
respectively. It is interesting to notice that upper critical field for MQ sample is highest. We 
speculate this enhancement in value of Hc2(0) of MQ sample is due to c-axis alignment of its 
grains, which is evident from our XRD and SEM results. It is well known that BSCCO 
systems are highly anisotropic with in-plane and out of plane coherence length values of ~0.9 
and 0.05nm respectively [13]. Thus alignment of grains along c-axis will result in decrease of 
average coherence length of polycrystalline MQ sample, when field is applied along axis of 
preferred orientation, thereby, resulting in enhancement of its Hc2(0). The zero temperature 
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coherence length ξ(0) is estimated from µoHc2(0) using Ginzburg-Landau formula given by 
µoHc2(0)=φo/[2π ξ
2
(0)], where, φo is given by 2.07×10
-15
Wb. All the obtained parameters are 
listed in Table 1.  
The broadening of the resistive transitions (as seen in figure 4), in the presence of 
magnetic fields near Tc
R=0 
are interpreted in terms of energy dissipation caused vortex motion. 
The flow of vortices in this region is caused by thermal activation and hence, is known as 
thermally activated flux flow (TAFF) [12]. Thus, resistivity in this region is given by well 
known Arrhenius equation, ρ = ρ0(B,T)e-U0/κBT [31][32], where U0 is the TAFF activation 
energy, which can be obtained from the slope of the linear part of the ln (ρ/ρ0) versus T
-1 
plot. 
Here, ρ0 has been taken as normal state resistance at 100K for both NM and MQ and 120K 
for Bi-2223 samples. Figure 6 shows the ln (ρ/ρ0) versus T
-1 
plot for the studied samples. U0 is 
obtained from the limited range of data yielding straight line in the low resistivity region. The 
corresponding linear scale fitting done to obtain U0 at various fields is shown in the same 
figure. Figure 7 shows the obtained activation energy of the studied samples at various fields 
in log-log scale. It is found that TAFF activation energy scales as power law (U0=K×H
-
) 
with magnetic field [32]. Also, it can be seen that field dependence of U0 is different for 
lower and higher field values. The values of parameters obtained from power law fitting at 
lower (KLF, LF) and higher magnetic field (KHF, HF) as well as U0 at 0K for the studied 
samples are shown in table 2. Similar dependence of exponents in power law with field has 
been reported by Palstra et al. for Bi-2212 single crystals [32][33]. Interestingly for both 
Bi2212-NM and Bi2212-MQ samples there is a change in activation energy behaviour, while 
going from low to high field region but no significant change for Bi-2223 sample. Moreover, 
activation energy of flux creep is higher for MQ than the NM sample, evidencing the stronger 
flux pinning for the former than later.  
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Magnetic susceptibility studies 
(a) DC susceptibility 
The DC magnetisation versus applied magnetic field (M-H) measured at 5K is shown in 
Figure 8 for all the studied samples. From M-H data we have calculated the value of critical 
current density using Bean’s critical state model [34]. According to this model the critical 
current density for an infinitely long sample having rectangular cross section (a × b) (with a < 
b) is given by Jc(H)=[20×ΔM(H)]/[a(1-a/3b)], where ΔM is the width ΔM of the M(H) 
hysteresis loop [10] [35]. Figure 9 shows the Jc(H) curves obtained for all the samples using 
above formula. The Jc value is highest (~34kA/cm
2
 for low magnetic field) for Bi-2223 
sample throughout the measured field. Also it is interesting to note the large difference in Jc 
of MQ (~16kA/cm
2
) sample in comparison to that of NM (~4kA/cm
2
) sample of Bi-2212. 
The considerably improved value of Jc of MQ sample can be attributed to the alignment of 
the grains and reduction of number of grain boundaries as evidenced from XRD and SEM 
analysis. Systematic variation of microstructure has been carried out recently by various 
groups [11] [12] [36] who have found that superconducting properties are affected 
significantly with microstructure of the samples. Thus it is worth mentioning that 
microstructure plays crucial role in superconducting properties of BSCCO superconductors. 
One of the characteristics of type II superconductors is the existence of vortices when 
applied field is increased above lower critical field Hc1. These vortices tend to move under 
applied magnetic field due to Lorentz force acting on them, resulting in Ohmic losses [10]. 
Thus to achieve practically lossless currents, these vortex lines must be pinned to avoid flux 
line motion. The average pinning force density that balances the Lorentz force acting on 
vortices is given by [10] FP = Jc × B, where Jc is critical current density. The pinning force 
density calculated from Jc(H) data is given in  Figure 10. Clearly, the pinning force density 
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Fp, is maximum for Bi-2223 sample. On comparing NM and MQ samples (see Table 1), we 
find that FP for MQ is significantly higher than for NM.  
(b) AC susceptibility 
Figure 11 (a) and (b) shows amplitude dependence (0.5 to 11.0Oe) of real (χ’) and 
imaginary part (χ”) of AC susceptibility (ACS) respectively, studied as a function of 
temperature, for all the mentioned samples. For the weakly coupled polycrystalline 
superconductors, as temperature is lowered, real part of susceptibility (χ’) shows two 
transitions corresponding to intra and inter grain coupling, accompanied by corresponding 
loss peaks in imaginary part (χ”) [10]. Therefore, comparing we find from Figure 11 (a) that 
why both NM and Bi-2223 samples shows signatures of granularity by exhibiting two step 
transition while MQ sample shows single step transition indicating good grain connectivity. 
Also in case of polycrystalline samples total susceptibility results from contribution of the 
superconducting grains as well as non superconducting matrix [37]. Hence saturation value of 
χ’ represents total superconducting volume fraction of the sample. Using this criterion 
superconducting volume fraction of NM, MQ and Bi-2223 sample comes out to be 70%, 
73%, 90% respectively at 0.5Oe. However, it is noteworthy that with an increase of applied 
magnetic field amplitude, the saturated susceptibility reduces considerably for NM and Bi-
2223 samples, while the change is minute for MQ sample. This indicates best inter-grain 
connectivity for MQ sample at high field magnitudes.  
It can be seen from Figure 11 (b) that the loss peak observed in χ”, shifts to lower value of 
temperature when amplitude of applied field increases. As described above, this loss peak 
corresponds to energy losses in the sample per cycle of the drive signal, which can be 
attributed to response of vortices to the external field. In the transition region, the sample is 
not fully superconducting and thus field can easily penetrate and has to get out of the sample 
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with field reversal during each cycle in ACS. This results in loss peak observed in χ” at 
temperatures corresponding to intra/inter granular transition. The peak in χ” is observed when 
field penetrate up to centre of the sample and thus maximum loss occurs. The separation of 
intra and inter-granular loss peak on temperature scale indicates weakly coupled grains and 
can be seen for NM and Bi-2223 samples. Whereas for MQ sample both intra and inter-
granular loss peak merges, showing strong coupling between the grains. The shifting of the 
loss peaks with applied field amplitude is used to calculate the temperature dependence of 
critical current density (Jc). According to Bean’s critical state model, the Jc at peak 
temperature Tp for a bar shaped sample having cross action 2a×2b can be determined by [38]: 
Jc(Tp)=H*/√ab  ........ (4) 
where, H* is the amplitude of applied magnetic field. Inter granular current density 
obtained using above equation is given in Figures 12 (a) to (c). The temperature dependence 
of Jc [39][40] is found to obey power law given by  
Jc(T)=Jc(0)(1-Tp/Tc)
n
 ...... (5) 
 where, Tc is the zero resistivity critical temperature. Values of Jc(0) and ‘n’ obtained from 
fit to experimental data are provided in Table 1. It is interesting to note that Jc(0) is highest 
for MQ sample and is almost three orders of magnitude higher than NM or Bi-2223 samples, 
which is in contrast to M-H measurements given in Figure 9. The highest value of Jc obtained 
from low fields ACS measurements can be explained on the basis of Figure 7, which shows a 
crossover of activation energy of MQ and Bi-2223 samples at around 500Oe. At lower field 
values, MQ has highest activation energy, while it is highest for Bi-2223 at higher fields. This 
indicates strongest pinning for MQ samples at low fields and at higher fields for Bi-2223 
sample. Moreover, the value of n is highest for MQ sample, indicating fastest decrease of Jc 
with temperature as compared to NM or Bi-2223 samples. Hence, it strengthens our 
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speculation that there is crossover of Jc for MQ and Bi-2223 samples from lower to higher 
field values respectively. Table 1 shows the obtained values of Jc(0) and n for the studied 
samples. 
Figure 13 (a) and (b) shows frequency dependence (33 to 9999Hz) of real (χ’) and 
imaginary (χ”) parts of AC susceptibility studied as a function of temperature. The dissipative 
peak in χ” shifts towards higher value of temperature as the frequency is increased. The peak 
in χ” corresponds to energy loss when the applied field penetrates till the centre of the 
sample. With the increasing frequency, magnetic field has less time to penetrate the sample 
and thus sample must have weaker pinning in order to reach full penetration and hence peak 
in χ”. Since, pinning force is inversely proportional to temperature therefore, loss peak in χ” 
shifts to higher temperature. From the shift in χ” peak temperature (Tp) with frequency (f) of 
AC field, one can calculate activation energy Ea required for flux creep [41] by using 
equation given by Nikolo and Goldfarb [42]: 
 ........ (6) 
where, f0 is some constant with dimensions of frequency and kB is Boltzmann constant. 
This equation can also be written as: 
 ......... (7) 
Thus by plotting ln(f) versus 1/TP one should obtain straight line, whose slope when 
multiplied by Boltzmann constant gives activation energy. Figure 14 (a) to (c) gives the plots 
between ln(f) and 1/TP and corresponding data for linear fitting for the studied samples. From 
these fittings the activation energy was found to be 59, 737, and 520 meV for NM, MQ and 
Bi-2223 respectively. It is worth mentioning that the value of activation energy for MQ is 
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largest. This indicates strongest vortices pinning in MQ sample and thus enhanced 
superconducting performance as has been observed.  
CONCLUSIONS 
In conclusion, we have studied three different samples of BSCCO superconductors, viz. 
Bi2212-NM, Bi2212-MQ and Bi-2223. It is found that though long span melting of Bi-2212 
sample results in its degradation to lower Tc Bi-2201 phase, the small duration partial melting 
results in good inter-grain connectivity and crystallographically aligned grains. This results in 
relatively sharper resistive transition and enhancement of superconducting properties in case 
of Bi2212-MQ sample. The characteristic superconducting parameters like flux pinning, 
thermally activated flux flow, flux creep activation energies, and the Jc and Hc2 are improved 
significantly for Bi2212-MQ sample. It is thus envisaged that partially melted Bi2212-MQ 
could be a good candidate for bulk superconducting applications of high Tc cuprates.   
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Figure Captions 
Figure 1 XRD patterns of (a) Bi2212-NM and Bi2212-MQ and (b) Bi-2223 samples. 
Figure 2 SEM images of (a) Bi2212-NM, (b) Bi2212-MQ and (c) Bi-2223 samples taken at 
5kX magnification. 
Figure 3 Temperature dependence of resistance of the studies samples normalized to room 
temperature value. The inset shows values close to zero resistance regions. 
Figure 4 Temperature dependence of normalized resistance for applied magnetic field ranges 
0-14T. 
Figure 5 Temperature dependence of upper critical field (symbols) and fitting (solid line) 
done using simplified WHH theory. Inset shows the corresponding experimental μoHc2(T) 
derived from magneto-resistive transitions.  
Figure 6 The Arrhenius plots of electrical resistance for fields from 0-14T. The red lines 
represent linear fitted data in low resistance regions.  
Figure 7 Magnetic field dependence of TAFF activation energy plotted on log-log scale. The 
lines represent power law fitting to the experimental data.  
Figure 8 Field dependence of DC magnetization at 5K temperature. 
Figure 9 Field dependence of critical current density for studied samples measured at 5K 
temperature. 
Figure 10 Magnetic field dependence of pinning force density of studied samples. 
Figure 11(a) Temperature dependence of real part of AC susceptibility studied for various 
amplitudes of applied field. 
Figure 11(b) Imaginary part of AC susceptibility as function of temperature for studied 
samples at various amplitudes of applied field. 
Figure 12 Temperature dependence of critical current density (symbols) and its fitted curve 
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(solid line) as per equation, (5) for (a) Bi2212-NM, (b) Bi2212-MQ and (c) Bi-2223 sample. 
Figure 13 Temperature dependence of (a) real and (b) imaginary part of AC susceptibility for 
studied samples at different frequencies of applied AC field. 
Figure 14 Linear fitting curves (solid line) of ln(f) versus 1/Tp data (symbols) for (a) Bi2212-
NM, (b) Bi2212-MQ and (c) Bi-2223 samples. The flux creep activation energy is obtained 
from slope of these fitted lines. 
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Table 1: Superconducting parameters obtained from DC and AC susceptibility measurements 
 
 
 
 
Sample a 
(Å) 
c 
(Å) 
Jc @5K 
(kA/cm
2
) 
FP @5T 
(N/m
3
) 
Ea
ACS
 @3.0Oe 
(meV) 
Jc @0K 
kA/cm
2
 
n 
Bi2212-NM 3.83 30.95 4 5×10
7
 59 0.154 3.85 
Bi2212-MQ 3.83 30.83 16 2.4×10
8
 737 596.061 4.85 
Bi-2223 3.82 37.12 34 4.7×10
8
 520 0.656 3.52 
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Table 2: Superconducting parameters obtained from magneto-resistive measurements 
 
Sample Tc
onset  
(K) 
Tc
R=0 
 
(K) 
∆Tc  
(K) 
μ0Hc2 @0K 
(T) 
ξ(0) 
 (nm) 
KLF LF KHF HF Ea
RTH
 @0Oe 
(meV) 
Bi2212-NM 93 80 13 104.7 1.7 568 0.33 559 0.15 286 
Bi2212-MQ 93 85 8 518.9 0.8 560 0.86 1473 0.42 3557 
Bi-2223 116 103 13 411.9 0.9 2321 0.33 2066 0.35 1555 
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